Abstract-This paper is an evaluation study to improve female student retention in Computer Science during the first programming course. Although, colleges are using variety of ways to attract female students to continue their studies in Computer Science, the number of female students is decreasing in the major. Therefore, we have employed two survey studies to learn more about the lack of supported items in the major and tried to address most of those issues in the classroom to see the change in student's feeling about Computer Science. Moreover, we support some of our suggestions not only by the survey results, but also students' performance from the course. We observed that lack of communication among students and with faculty, primitive programming editors, and not well prepared course materials are some of the reasons for the decrease in female student retention.
I. INTRODUCTION
One of the main challenges that engineering and other technology or industry related programs are to recruit and then retain female students until they obtain their degrees from the departments. This fact is also true for Computer Science majors as well. According to [1] , in the 2010 and 2011 academic year, the female population in the Computer Science was around 11 percent in the USA. Although, this number has been slightly increasing in the last couple of years, it is still well behind the female population ratio between years 2000 and 2006 [1] . Including this low student ratio for female students, research in technology and education has shown that students are giving up the field all together due to the difficulty in understanding the fundamental concepts and syntax of novice-level programmingafter they start their Computer Science degree. The factors related to retain the students generally include student background characteristics, such as gender, race, and previous education experience; department and institutional characteristics; student-faculty and student peer interaction; student's satisfaction about the program, etc. Therefore, in order to attract more students and increase the retention, different strategies have been used [2] , [3] . Some departments offered scholarships [3] , companies provided paid internship opportunities and summer trainings [3] , and faculty promoted their departments with teaching in different styles and exposing the students with exciting research projects [4] - [7] .
Including the listed reasons to change the course of study, the first programming language course also has a high impact on the retention of the female students [8] . The main rationale behind this is that some students change their majors after taking the first course from computer science [9] .
In this study, we have conducted two surveys with female students who were taking the Programming Fundamentals course at Sam Houston State University. Not only we obtained their main concerns on the course and writing programs, but also we identify a number of things that can be employed in the programming class to improve the female student retention in the Computer Science departments.
The paper is organized as following. In Section II, recent research studies on the increase of student retention in STEM (Science, Technology, Engineering and Mathematics) and in Computer Science field is provided. Section III provides information about the student body at Computer Science Department at Sam Houston State University and the details about the conducted surveys on the female students. The results of the surveys are discussed in Section IV. At the end, the paper is finalized with a Discussion and Conclusion section.
II. BACKGROUND
Bowling et al. addressed the rising risk of sophomores and juniors leaving STEM degree with an early undergraduate research program [10] . Students were paid to work part time at a maximum of twenty hours per week. According to the authors, the research program provided a positive influence on the retention of the students [10] .
In [11] , the authors claimed that the poor student performance is often related to the student's incorrect feeling of understanding the materials. Therefore, they created a virtual human called Dr. Chestr which presents users with questions about C++ programming language.
In [12] , the authors claimed that the students who do not feel like they are part of a larger academic community are less likely to participate in extracurricular activities and organizations, which will yield to low retention rates. To address this problem, they presented SNAG (Social Networking Games), a suite of mobile and Internet games which aim to facilitate social networking between members of a group.
Another study to improve student recruiting and retention was conducted by MacLean [13] . According to the author, nationwide Computer Science undergraduate programs suffer from a dropout rate approaching two-thirds of incoming students. Although the number of female students entering the "STEM" fields (Science, Technology, Engineering, and Math) is growing, their numbers still lag. The author indicated that it is imperative to recruit and retain more female into these fields and support them until graduation. The author suggested decreasing the "computer guru" culture, increasing the visibility of female students in the recruiting, making introductory computer science courses less intimidating, and preparing different teaching methods that make studying computer science as fun instead of a big challenge [13] .
Peckham et al. addressed the decrease in female students at Rhode Island Computer Science program with introducing students to research in computer graphics, art, and new media [14] . With employing mentoring practice, pedagogy, and problem-based learning, they were able to increase the retention rates of the underrepresented female students [14] .
Powell et al. claims the improvement of retention in Computer Science with Peer Led Team Learning (PLTL) approach [15] . This approach demonstrates that computer science is necessarily a collaborative activity that focuses more on problem solving and algorithmic thinking than on programming. According to the authors, this program increased the enrollment in the computer science major. Moreover, almost half of the students who took the program with the first programming course majored in Computer Science.
In reference [16] , the authors found out that pair programming increased the number of students continuing taking the class and pass rates. This also yields to higher quality of programs, more confidentiality in their work, and more enjoyable time when writing codes [16] . Moreover, the authors claimed that the students who paired are more likely to pass the subsequent programming course that required them to work alone [16] .
III. PARTICIPANTS AND SURVEYS
At Sam Houston State University (SHSU) although roughly 6/10's of the students are female, this rate drops to 4/10 in the introductory level programming course. When we look at the degrees awarded, the female ratio drops to 1/10 in computer science.This reducing numbers of female student population at SHSU's computer science program is consistent with national patterns [1] .
Two surveys were conducted to female students throughout the semester to the students who were taking Programming Fundamentals course in a number of different sections. Programming Fundamentals is both a core course for Computer Science majored students but also an elective course for Math, Physics, Criminal Justice, and Computer Animation majored students. Therefore, female students who completed the surveys were from a variety of different majors. As shown in Fig. 1 , only about 20 percent of the female population was declared their major as Computer Science.
Since, almost all of the students were holding a high school degree from the state of Texas, some of them had the opportunity to take Java programming course prior to entering to the college. Other than the education gathered from the school, because of their interest, some of them also had programming skills while started to take the Programming Fundamentals course. As reflected from Fig. 2 , only about 8 percent of female participants had some programming experience. In this study, specifically, first a preliminary survey was taken in the first quarter of the semester, and another was taken closer to the end of the semester. We were able to obtain feedback from the same set of students in both of the surveys. In the first survey, the questions were focused on students' major, background, computer skills, the time spent on syntax problems vs. logical problems, programming environment used for the course, assignments and labs, their feelings on the teaching assistant support, collaborative work, workload, student activities, and student-faculty interaction. Then we administered a post test survey to see how their feelings have changed throughout the semester. Specifically, in the second survey, the questions were more focused on their feelings on their interest level in computer science.Adding the exam results as the student learning outcomes, our observations are detailed in the following section.
IV. OBSERVATIONS

A. Challenges with Programming and Proposed Solution
After the first couple of weeks in the course, the female students indicated their major issues with writing programming. According to the results as shown in Fig. 3 , 68 percent of the female students claimed that they were challenged and frustrated with syntax problems and 42 percent also indicated they were having difficulty when creating the algorithm to solve the tasks. Also, it is important to note that since the female students who had priorprogramming experience were not challenged by that time with the concepts, their indications were omitted. Recently we created a Dragon Drop application which addresses the syntax issue and decrease the time spend in debugging with a drag-and-drop feature to improve students' ability to programming while allowing them to grasp main concepts [8] . The editor is designed to generate automatic statements and related syntax according to the programmer's need while minimizing the time spent on fixing the errors. Other Major
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After the tool was demonstrated, in the second survey, only 9 percent of the students indicated that syntax problems would be an initial issue if the Dragon Drop application was used in the beginning of the class. Moreover, the logical problems as an initial issue also dropped to 29 percent because of the step by step guideline by this application. 
B. Assignments and Labs
It is a known fact that well prepared related teaching materials are directly associated with retention [17] . In the final survey, students responded about their interest in the assignments and laboratory works and also provided feedback about those. All of the female participants find the materials related to the coursework. 89 percent of the students positively think about the detailed explanation and guideline given with the labs. On the other hand, 64 percent of them suggested having similar structure and partial codes supplied with the assignments as well. Throughout the course, students were assigned to complete the tasks individually. Research in collaborative learning already indicated the improvement in self-assessment of progress, learning, and greater retention in the major. Therefore, they were encouraged to work as a group for discussing course materials or creating pseudo code type algorithms in the study sessions conducted after class hours with proctoring of the faculty or the lab instructor (TA). We observed that these study sessions were often conducted by female students working on assignments and exams. We also measured the outcomes of this collaborative learning in the assignments and in the exam grades as well. The average grade for the collaboratively conducted assignments was 92 compared to 83 for the individual study. Probably the most meaningful result was obtained by the exam results. The female students who attended at least 2 or more study sessions after the first exam increased their score with an average of 32 percent, while this number decreased about 18 percent for other female students as shown in Fig. 4 .
C. Collaborative Learning
D. Teaching Assistant Role
A teaching assistant (TA) was assigned to help with the students during the lab hours. Including instructor's office hours, the TA was responsible to hold regular office hours and exam study sessions as well. According to the final survey, 77 percent of the female students indicated that the extra help that they got from the TA, during the office and extra study hours, helped them to easily translate the concepts they learned from the lecture hours to coding.
E. Student-Instructor Interaction
The interaction between the student and course instructor is considered another important factor for student retention. When students, especially underperforming ones, are asked to join extra study or help sessions by the instructor, they started to feel comfortable talking with the professors and less likely to switch to another major. The survey indicated that 96 percent of the female students were satisfied with the extra help they obtained from the course instructor and TA, which will eventually result in high retention rates.
F. Workload and Prior Programming Experience
As it can be expected, experienced students performed well compared to the new learners. Therefore, retention of the experienced students is higher than the students who had to put good amount of time for studying the course material. Moreover, heavy workload usually leads to unlikely pursue of Computer Science degree during freshmen or sophomore years based on the 66 percent of the student's response to the survey.
G. Computer Science Student Association
Not only the faculty-student interaction, but also the interaction among students is also another important factor in retention. If the students feel like they belong to an intellectual and social community while it gives them an opportunity to learn from and create new networks, retention is expected to be increased. One of the students' main complaints from the first survey was the lack of this environment. However, since they were new to the department, instructors later introduced SHACS, Sam Houston Association of Computer Scientists. This association is operated exclusively for educational and scientific purposes:  To promote an increased knowledge of the science, design, development, construction, language, and applications of modern computing machinery;  To promote a greater interest in computing machinery and its applications; and  To provide a means of communication between persons having interest in computing machinery. After the students were exposed to this knowledge, the second survey clearly indicated student satisfaction in this area.
V. DISCUSSION AND CONCLUSIONS
In this paper we tried to point out important issues to increase the retention of female students in Computer Science.One of the main issues for the freshmen students are the introductory level programming courses. Being exposed to computer programming first time, it is definitely a challenge for the students. Especially, utilizing a basic text editor for the course is not helping them when constructing the algorithms to solve problems. Therefore, we have introduced a drag-on-drop to the students and received very positive feedback from the students, especially from females. There are short comes of this kind of programming framework, such as not being challenged with debugging process and being find as slow by the experienced programmers. Therefore, the freedom to choose the programming environment needs to be given to the students. With this strategy, experienced students won't feel being ignored. Also if the student opt for the drag-on-drop type framework, the deficiency in the experience of debugging process can be overcame in the upper level programming courses, after the students are familiar with at least one programming language and algorithm structures.Another conclusion we reached was about the lab and assignment materials. Based on the feedback we received from the students, those materials should be prepared in a way so that the students will reminded about the concepts in detail and need to show them some hints or partial codes to solve the problems. These will help struggling students to remember the concepts and build from the pieces to solve the questions. Such as, acting as a passive role in collaborative learning can be counted as one of the deficiency in this learning style. However, even not being in active role, still the students learn from each other. Therefore, this type of activities needs to be encouraged by the faculty to promote learning and increase retention.
Extra study sessions and an extra hand in labs will positively influence students' involvement in programming. Therefore, the faculty and other personnel, such as TA's, need to allocate extra hours to help students who need help with their tasks. Based on our experience, we found struggling students who do not find extra help are the ones who will drop out the major first.
Student to student interaction should not be limited with the class environment. Asking students to be part of the association that is present in the department will increase the sharing between the students and will create more candid environment for female students. This will eventually yield to higher retention rates.
At the final survey, based on the introduced drag-on-drop application and other addressed issues throughout the course, we evaluated their feelings about Computer Science major in general. Overall, we see 178% of increase in the feelings of female students about the major. This result provided us that our findings will yield to more comfortable environment for female students in Computer Science, which will result in higher retention rates.
As a future work, we would like to apply our findings starting from the first lecture to the introductory level programming students. At the end of the course, we are planning to evaluate other criterion, such as the female students feeling about if they are thinking that Computer Science is dominated by men and if there are other challenges females are having compared to their men colleagues.
